Matrix metalloproteinases (MMPs) have been implicated in the pathological processes of interstitial lung diseases.
P ulmonary fibrosis and alveolar structural remodeling in interstitial lung diseases are associated with the production, deposition, and remodeling of the extracellular matrix. Extracellular proteases, particularly those belonging to the serine protease and matrix metalloproteinase (MMP) family, are involved in the pathophysiological processes of interstitial lung diseases (O'Connor and FitzGerald, 1994) . MMPs are secreted in an inactive proenzyme form and then activated by proteolytic degradation. The activities of MMPs are inhibited by endogenous tissue inhibitor of metalloproteinases (TIMPs). MMP-2 degrades several components of basement membrane, including type IV collagen and laminin (Woessner, 1991) . Expression of MMP-2 increases in bronchial, alveolar epithelial cells, macrophages, and fibroblasts in interstitial pneumonia Hayashi et al, 1996) . MMP-2 mRNA levels were up-regulated in a murine model of bleomycin-induced pulmonary fibrosis (Swiderski et al, 1998) . Previously, we found in a rabbit model that MMP-2 was localized in the regenerating alveolar epithelial cells and that the active form of MMP-2 was detected in lung homogenates, suggesting that MMP-2 contributes to the reconstruction of alveoli in pulmonary fibrosis (Yaguchi et al, 1998) . Furthermore, we observed the localization of MMP-2 in alveolar epithelial cells and the activation of MMP-2 in fetal rabbit lung, indicating an important role of MMP-2 in the formation of alveoli .
MMP-2 is activated by membrane-type (MT) MMPs, that is, cell surface activators in vivo (Sato et al, 1994) . To date, six distinct MT-MMPs have been identified (Velasco et al, 2000) . MT1-MMP was first identified as a cell membrane receptor and activator for MMP-2 (Sato et al, 1994) . Formation of the trimolecular complex of the latent MMP-2, TIMP-2, and MT1-MMP is important for cell-mediated MMP-2 activation (Seiki, 1999) .
MMP-2 is a downstream p53 target gene (Bian and Sun, 1997) . p53 binds to the promotor region of the MMP-2 gene and regulates its gene expression. Exposure to bleomycin induces the cellular production of p53 protein (Kastan et al, 1991; Nelson and Kastan, 1994) . p53 was detected in hyperplastic bronchial and alveolar epithelial cells of patients with idiopathic pulmonary fibrosis (Kuwano et al, 1996) and also in bleomycin-induced lung injury in mice (Kuwano et al, 2000; Mishra et al, 2000; Okudela et al, 1999) .
These several lines of evidence indicate the possible involvement of MMP-2 activated by MT1-MMP in the pathological process of bleomycin-induced pulmonary fibrosis. The present study investigated the localization of MMP-2, MT1-MMP, TIMP-2, p53, and Ki-67 in a rabbit model of bleomycin-induced pulmonary fibrosis, using immunostaining methods. We analyzed the MMP-2 activity (ie, gelatinolytic activity) in the lungs by gelatin zymography and in situ zymography. Furthermore, to see the expression and distribution of MT1-MMP in relation to the activation of MMP-2, Western blot for MT1-MMP protein and in situ hybridization for its mRNA were performed.
Results

Histology and Immunohistochemistry
Control Animals. By light microscopy, control rabbits showed normal alveolar structures (Fig. 1A) . Mild edema of interstitial connective tissue and infiltration of inflammatory cells were observed as transient findings early after instillation of normal saline. Immunoreactions for MMP-2, MT1-MMP, and TIMP-2 were weakly recognized in bronchiolar cuboidal cells and some type II alveolar epithelial cells (Fig. 1, E, I , and M). Some alveolar macrophages were slightly positive for MMP-2, MT1-MMP, and TIMP-2. Staining for p53 and that for Ki-67 were negligible (Fig. 2, A 
and E).
Three Days after Bleomycin. Bronchiolar ciliated epithelial cells were replaced with cuboidal cells. Bronchiolar epithelial cells elongated to alveolar duct (alveolar bronchiolization) in terminal portions of bronchioles (Fig. 1D) . Some of the type II alveolar epithelial cells around bronchioles were swollen. All these cell populations showed clear immunoreactivity for MMP-2, MT1-MMP, and TIMP-2 (Fig. 1, F , J, and N). Alveolar macrophages weakly reacted for MMP-2, MT1-MMP, and TIMP-2. Nuclear staining for p53 was observed mainly in cuboidal cells in terminal portions of bronchioles. Staining for Ki-67 occurred in the basal layer of terminal bronchioles (Fig. 2, B and F) .
Seven Days after Bleomycin. A number of small tubular structures of bronchiolar epithelial cells were seen around the fibrosis in alveoli, indicating the progress of alveolar bronchiolization. Swollen and/or elongated epithelial cells were located in the peripheral region of fibrotic areas (Fig. 1C) . Strong immunoreactions for MMP-2, MT1-MMP, and TIMP-2 were noted in swollen and/or elongated epithelial cells in the peripheral regions of fibrotic areas (Fig. 1, G , K, and O). Type II alveolar epithelial cells and alveolar macrophages showed clear immunoreactions for MMP-2, MT1-MMP, and TIMP-2 in this stage. Interstitial cells showed much weaker immunoreactivity to MMP-2, MT1-MMP, and TIMP-2 than did epithelial cell populations. Bronchiolar epithelial cells in alveoli showed a unique reaction pattern; they reacted to MT1-MMP and TIMP-2 more strongly than to MMP-2. Nuclear staining for p53 was seen predominantly in swollen and/or elongated alveolar epithelial cells in the peripheral region of fibrotic areas (Fig. 2C) . Some bronchiolar epithelial cells showed slight nuclear staining for p53. Many bronchiolar epithelial cells in alveoli showed nuclear staining for Ki-67 (Fig. 2G) .
Twenty-Eight Days after Bleomycin. There were bronchiolar epithelial cells in alveoli and hyperplastic type II alveolar epithelial cells around alveolar wall fibrosis (Fig. 1D) . Type II alveolar epithelial cells showed clear reactions for MMP-2 and MT1-MMP (Fig. 1, H , L, and P). Some alveolar macrophages showed weak immunoreactivity to MMP-2, MT1-MMP, and TIMP-2. The reaction for TIMP-2 in those cells was stronger than those for MMP-2 and MT1-MMP. Some type II alveolar epithelial cells showed nuclear stainings for p53 and Ki-67 (Fig. 2, D and H) .
In Situ Hybridization for MT1-MMP
To identify which types of cells express MT1-MMP, we performed in situ hybridization. Using the antisense probe for MT1-MMP mRNA, hybridization signals were detected intensely in elongated alveolar epithelial cells (Fig. 3A) . These cells showed positive staining for surfactant protein on serial sections (Fig. 3B) . The sense probe gave rise to no signal (Fig. 3C ).
Detection of Gelatinolytic Activity
Gelatin zymography revealed gelatinolytic bands, corresponding to the latent (68 kDa) and activated forms (62 kDa) of MMP-2 in both bleomycin-treated and control rabbits. Bleomycin-treated rabbits exhibited an increased intensity of the activated form, compared with the latent form (Fig. 4A) . Total gelatinolytic activity of MMP-2 was increased significantly at 3, 7, and 14 days after bleomycin administration (Fig. 4B) . The ratio of activated MMP-2 to total MMP-2 was significantly greater at 3, 7, 14, and 28 days in bleomycin-treated rabbits than in controls (Fig. 4C ).
Western Blot Analysis for MT1-MMP
Western blot analysis, by using monoclonal anti-MT1-MMP antibody, detected 65 kDa protein corresponding to MT1-MMP. In bleomycin-treated rabbits, the MT1-MMP protein was more clearly detected in comparison with controls (Fig. 5) . The level of MT1-MMP appeared to correlate with the ratio of activated MMP-2 to total MMP-2 (Figs. 4C and 5).
In Situ Zymography
Weak gelatinolytic activity was observed in control rabbits (data not shown). At 3 days after bleomycin administration, we observed areas of intense gelatin degradation ( Fig. 6A) , where alveolar walls including type II alveolar epithelial cells were seen by Nomarski optics (Fig. 6D) . At 28 days, some type II alveolar epithelial cells degraded gelatin film (Fig. 6 , B and E). These activities were completely blocked at 3 days after bleomycin administration when sections were incubated with the metal chelator EDTA as an MMP inhibitor (Fig. 6C ). When the sections were incubated at 4°C, the gelatinolytic activity was not detected at 3 or 28 days. These results ensure that the observed gelatinolytic activity is attributable to the action of MMPs.
Percentages of p53-Positive Cells and Ki-67 Labeling Index
The percentages of p53 positive cells are shown in Fig. 7A . Nuclear staining for p53 in bronchial epithelial cells reached a peak at 1 day and then gradually decreased. Nuclear staining for p53 in alveolar epithelial cells reached a peak at 7 days. Bronchiolar epithelial cells in alveoli appeared at 3 days, and nuclear staining for p53 in these cells reached a peak at 14 days. In bronchial and alveolar epithelial cells, the peaks of p53 preceded those of Ki-67 labeling index (Figure 7, A and B) . In contrast, the peak of Ki-67 labeling index in bronchiolar epithelial cells in alveoli preceded the peak of p53.
Discussion
Increase of MMP-2 and p53
We confirmed the increase of MMP-2 from the observation that total MMP-2 levels estimated by gelatin zymography increased significantly at 3, 7, and 14 days after bleomycin administration, compared with controls. In line with this, Bakowska and Adamson (1998) found that gelatinolytic activity is increased in bronchoalveolar lavage fluid of bleomycin-induced fibrosis. Swiderski et al (1998) showed that MMP-2 mRNA is also increased in homogenates of bleomycin-induced fibrotic lungs. In our immunohistochemical study, the reaction for MMP-2 was strongest in alveolar epithelial cells among cell populations. Indeed, type II alveolar epithelial cells are known to secret MMP-2 in vitro (d 'Ortho et al, 1997; Pardo et al, 1997) . Our results may indicate that the production of MMP-2 by alveolar epithelial cells increases while repairing alveoli.
In control rabbits, no p53 staining was observed, which is consistent with the findings that p53 protein is at low concentrations in the normal physiological condition and undetectable by immunohistochemistry (Levine, 1997) . After bleomycin administration, we detected the immunoreaction for p53 in bronchiolar and alveolar epithelial cells. The proportion of p53-positive cells was high in epithelial cells from 1 to 14 days as MMP-2 was increased. It is noteworthy that swollen and/or elongated alveolar epithelial cells, 
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which showed immunoreactivity for MMP-2, also showed nuclear staining for p53. Because p53 is known to be a nuclear factor that promotes the production of MMP-2 under the influence of p53 inducer (Bian and Sun, 1997) , it is feasible that these changes in p53 activity in alveolar epithelial cells are responsible, at least in part, for the increased production of MMP-2 in bleomycin-induced lung fibrosis.
Several previous studies suggest that p53 is upregulated in response to DNA damage caused by bleomycin in the pathogenesis of pulmonary fibrosis (Kuwano et al, 2000; Mishra et al, 2000) . p53 induces G1 or G2 arrest in the cell cycle and cell apoptosis following DNA damage, either to halt cell division until the damage is fully repaired or to eliminate the cells whose DNA is irreparably damaged (Kastan et al, 1995) . The up-regulation of p53 following DNA damage may lead to delayed or impaired epithelialization, resulting in acute lung injury and progression to pulmonary fibrosis (Kuwano et al, 2000; Mishra et al, 2000) .
To evaluate the effect of p53 on cell kinetics, we determined the fraction of cycling cells as measured by Ki-67 antigen expression in epithelial cells. In alveolar epithelial cells, the Ki-67 labeling index was lower after bleomycin administration, compared with that of bronchiolar epithelial cells, which is consistent with our previous finding (Kawamoto and Fukuda, 1990) . Our results are in line with the possible arrest in cell cycle by a p53-dependent mechanism for alveolar epithelial cells. It is possible that the increased expression of p53 in alveolar epithelial cells results in cell cycle arrest as well as production of MMP-2. Overall, p53 may play important roles; it may, on the one hand, induce cell cycle arrest or apoptosis leading to impaired epithelialization and lung injury, and it may, on the other hand, promote the production of MMP-2 leading to the repair process of alveoli.
Activation of MMP-2
The ratio of activated MMP-2 to total MMP-2 estimated by gelatin zymography increased significantly at 3, 7, 14, and 28 days after bleomycin treatment. An increased expression of MT1-MMP was observed by Western blot in the early stages following administration of bleomycin. MT1-MMP mRNA was detected predominantly in swollen and/or elongated epithelial cells with in situ hybridization. These cells showed positive staining for surfactant protein on serial sections, suggesting that the cells were type II alveolar epithelial cells or Clara cells (Kalina et al, 1992; Walker et al, 1986; Wohlford-Lenane and Synder, 1992) . However, Clara cells were located in distal airway regions and alveolar bronchiolization after intratracheal bleomycin (Betsuyaku et al, 2000; Daly et al, 1998) . Hence, the swollen and/or elongated epithelial cells were likely to be type II alveolar epithelial cells.
Alveolar epithelial cells showed gelatinolytic activity at 3 days and much less activity at 28 days. Pardo et al (1996 Pardo et al ( , 1998 showed in a rat model of hyperoxic pulmonary damage that type II alveolar epithelial cells express MMP-2 mRNA and gelatinolytic activity with in situ zymography.
It has been suggested that the existing type II alveolar epithelial cells transform into type I cells in epithelial repair in pulmonary fibrosis (Aso et al, 1976; Evans et al, 1972) . These previous findings and ours suggest that type II alveolar epithelial cells express MT1-MMP and MMP-2 and that activation of MMP-2 occurs on their cell surfaces in pulmonary fibrosis. We observed immunoreactivity for MMP-2 and MT1-MMP in swollen and/or elongated alveolar epithelial cells where activation of MMP-2 was likely. The observed morphological changes in epithelial cells and immunoreactions for MMP-2 and MT1-MMP may be relevant to the repair process of damaged alveoli. It is possible that the activation of MMP-2 leads to the elongation of epithelial cells. In developing fetal lungs, MMP-2 and MT1-MMP of alveolar epithelial cells were found to be involved in elongation of epithelial cells and thinning of basement membrane (Arden et al, 1993; Fukuda et al, 2000) . In cancer cell lines, MMP-2 and other proteases were shown to be involved in surface protrusions called "invadopodia" (Monsky et al, 1993) . Localization of MT1-MMP to invadopodia was also confirmed by immunohistochemistry (Nakahara et al, 1997). The MT1-MMP-mediated activation of MMP-2 in alveolar epithelial cells may, therefore, play a role, not only in the turnover and disruption of basement membrane, but also in the elongation and migration in the repair process of alveolar epithelial cells.
In summary, our results confirmed the increase and activation of MMP-2 in bleomycin-induced pulmonary fibrosis. The immunohistochemical study showed that the swollen and/or elongated type II alveolar epithelial cells reacted to MMP-2, MT1-MMP, and TIMP-2 more strongly than other cell populations. p53 was suggested to be relevant to the expression of MMP-2. Type II alveolar epithelial cells were suggested to express MT1-MMP and activate MMP-2, which may lead to the elongation and migration of alveolar epithelial cells in the repair process of bleomycin-induced pulmonary fibrosis.
Materials and Methods
Animal Models
The experimental procedures were approved by the Animal Experimental Ethical Review Committee of Nippon Medical School. Details of animal-model and intratracheal instillation of bleomycin were described previously (Yaguchi et al, 1998) . Briefly, male Japanese rabbits weighing between 2.5 and 3.0 kg were anesthetized with 15 mg/kg of body weight of thiopental sodium intravenously, followed by an intratracheal injection of bleomycin hydrochloride (10 mg/kg of body weight) (Nippon Kayaku Company, Tokyo, Japan). Control rabbits were administered 1.0 ml of only sterile saline. Five bleomycin-treated rabbits and one control rabbit were killed on each of Days 1, 3, 7, 14, 28, and 56 after administration. Deep anesthesia was induced in each animal with thiopental sodium given intravenously (30 mg/kg of body weight) before opening the chest and abdomen by a midline incision. The lungs were removed en bloc immediately after killing by phlebotomizing the intra-abdominal great vessels.
For protein extraction, small portions of the lung tissue were immediately frozen at Ϫ80°C. The remainders of the lung were inflated at a pressure of 20 cm H 2 O via trachea with a solution of 4% paraformaldehyde in 0.1 M phosphate buffer, pH 7.4. The trachea was ligated and then immersed in the 4% paraformaldehyde at 4°C overnight. For light microscopy and immunohistochemistry, the lungs were cut into 3-to 4-mm-thick axial slices, and the specimens were dehydrated and embedded in paraffin. To perform in situ hybridization, the lungs were cut into small pieces, washed with 30% sucrose/PBS, and frozen into OCT compound (Miles, Elkhart, Indiana).
Histology and Immunohistochemistry of MMP-2, MT1-MMP, TIMP-2, p53, and Ki-67
Light microscopy was conducted on 3-m-thick paraffin sections stained with hematoxylin and eosin. Immunohistochemistry was done on 3-m-thick par- Activation of MMP-2. A, One representative gelatin zymography of the samples shows the latent MMP-2 (68 kDa, la MMP-2) and the activated MMP-2 (62 kDa, ac MMP-2). Bands for activated MMP-2 are stronger in the bleomycintreated rabbits than controls, particularly at 3 days through 28 days after bleomycin administration. B, Total MMP-2 estimated by gelatin zymography. Total gelatinolytic activity of MMP-2 is significantly higher than controls on 3, 7, and 14 days after bleomycin (*p Ͻ 0.05). C, Densitometric analysis shows that the ratios of activated MMP-2 to total MMP-2 on 3, 7, 14, and 28 days after bleomycin are significantly greater than that of controls (*p Ͻ 0.05, **p Ͻ 0.01).
Figure 5.
One representative Western blot analysis of MT1-MMP. Expression of MT1-MMP appeared to be increased after bleomycin instillation.
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affin sections treated with 0.3% H 2 O 2 in methanol for 30 minutes to block endogenous peroxidase activity. To unmask reactive sites, the sections for MMP-2, MT1-MMP, and TIMP-2 were incubated with 8 M guanidine in 0.1 M Tris-HCl, pH 7.6, overnight. The sections for p53 and Ki-67 were microwaved for 10 minutes with 0.1 M citrate buffer, pH 6.0. After these treatments, all sections were incubated with normal goat serum for 10 minutes. After light rinsing with PBS, the sections were treated with each primary antibody at 4°C overnight: anti-p53 mouse monoclonal antibody (Do-7; DAKO, Glostrup, Denmark), anti-Ki-67 mouse monoclonal antibody (MIB-5; Immunotech, Marseille, France), anti-MMP-2 mouse monoclonal antibody (clone 42-5D11), anti-MT1-MMP mouse monoclonal antibody (clone 114-1F2), or anti-TIMP-2 mouse monoclonal antibody (clone 67-4H11) (all antibodies from Fuji Chemical Industries, Takaoka, Japan). Then these sections were incubated with biotinylated goat anti-mouse IgG antibody and an avidinbiotin peroxidase complex (ABC) (DAKO). The color was developed with a solution of 3, 3'-diaminobenzidine and H 2 O 2 and counterstained with Mayer's hematoxylin. All the anti-MMP antibodies recognize both the latent and activated forms of their respective MMP (Fujimoto et al, 1993a (Fujimoto et al, , 1993b Sato et al, 1994) . The antibodies against MMP-2, MT1-MMP, TIMP-2, p53, and Ki-67 have been confirmed to crossreact with rabbit tissues by Western blotting Joyce et al, 1996; Le Goas et al, 1997; Tatsuguchi et al, 1999) .
Anti-Rabbit Surfactant Antibody
A polyclonal antibody to rabbit surfactant protein was raised in chickens previously (Yoneyama, 1988) . This antibody reacted with the 29-to 35-kDa protein group that was presumed to be surfactant protein-A (King and MacBeth, 1979; Phelps and Taeusch, 1985) .
Preparation of Crude Cell Membrane Fraction and Western Blot Analysis for MT1-MMP
A portion of the frozen lung tissue sample was homogenized in lysis buffer (25 mM Tris-HCl, pH 7.5, 8.5% sucrose, 150 mM NaCl, 10 mM CaCl 2 including 10 g/ml aprotinin, 10 g/ml pepstatin A, 10 g/ml leupeptin, and 1 mM phenylmethylsulphonyl fluoride as protease inhibitors). After centrifugation at 15,000 rpm for 50 minutes, supernatant containing crude cell membrane fraction was collected and used for Western blotting (Okada et al, 1997) . Proteins were separated by electrophoresis on 10% polyacrylamide gels under reducing conditions. The proteins were then electrophoretically transferred to polyvinylidene difluoride (PVDF) membrane (Hybond-P; Amersham Pharmacia Biotech, Uppsala, Sweden). After treatment with blocking solution, the PVDF membrane was incubated at 4°C overnight with anti-MT1-MMP monoclonal antibody diluted 1:2000 in TNT buffer (25 mM Tris-HCl, 150 mM NaCl, 0.01% Tween 20, pH 8.0) containing 5% BSA. The PVDF membrane was washed and incubated with peroxidase-conjugated goat antimouse IgG antibody (Amersham). After washing in TNT buffer, peroxidase activity was detected with an enhanced chemiluminescence kit (Amersham). The protein concentrations were measured by Bio-Rad DC protein assay kits (Bio-Rad, Hercules, California), using BSA as standard.
In Situ Hybridization for MT1-MMP
Human MT1-MMP cDNA (kindly provided by Dr. H. Sato, Cancer Research Institute, Kanazawa, Japan) was subcloned into pGEM4 vector (Promega, Madi- Laser confocal micrographs of in situ zymography (A, B, and C). Identical tissue samples are observed by Nomarski optics with nuclear stain (D, E, and F). At 3 days, alveolar epithelial cells (arrowheads) show the gelatinolytic activity (A). At 28 days, gelatinolytic activity was markedly reduced (B). In the presence of EDTA, as an inhibitor of MMPs, no gelatinolytic activity is detected at 3 days (C and F).
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Laboratory Investigation • September 2001 • Volume 81 • Number 9 son, Wisconsin). The plasmid was linearized by digestion with restriction enzymes (HindIII and EcoRI) and used as a template for synthesizing a single strand RNA probe. The RNA probes, transcribed with T7 RNA polymerase and SP6 RNA polymerase, were labeled with digoxigenin-11-UTP according to the instructions of the manufacturer (Roche Molecular Biochemicals, Mannheim, Germany). Frozen sections (5-m thick) were treated with 20 g/ml proteinase K (Sigma Chemical, St. Louis, Missouri) for 10 minutes at 37°C. After acetylation with 0.25% acetic anhydrite, the sections were hybridized with antisense RNA (T7) or sense RNA probes (SP6) at 48°C overnight. Both digoxigenin-labeled cRNA probes were applied at 500 ng/ml. The sections were washed under high-stringency conditions to reduce the background and incubated with alkaline phosphate-labeled antidigoxigenin antibody (Roche Molecular Biochemicals). The color was developed by 5-nitoroblue tetrazolium chloride as recommended by the manufacturer. The sections were lightly counterstained with nuclear fast red. To identify alveolar epithelial cells, surfactant protein was stained on serial lung sections, using the ABC method.
Gelatin Zymography
Ten micrograms of total protein from lung homogenate supernatants of each animal was applied to gelatin zymography, as described previously (Yaguchi et al, 1998) . Briefly, electrophoresis was carried out on 10% polyacrylamide gels containing 0.1% gelatin under nonreducing conditions. After electrophoresis, the gels were washed in 2.5% Triton X-100 to remove sodium dodecyl sulfate, incubated for 16 hours at 37°C, and stained with 0.1% Coomassie Brilliant Blue R250 (Sigma Chemical). Densitometric analysis of the gels was performed using NIH image software (Image, v. 1.62; National Institutes of Health, Bethesda, Maryland) and a high-resolution scanner (Kleiner and Stetler-Stevenson, 1994) . The ratio of activated MMP-2 to total MMP-2 was estimated from their gelatinolytic activities.
Detection of Gelatinolytic Activity by In Situ Zymography
Immunohistochemical study cannot distinguish between the latent and activated MMPs. Activity of MMPs is influenced by TIMPs in situ. Therefore, to demonstrate the expression of gelatinolytic activity in frozen sections of bleomycin-induced pulmonary fibrosis, we applied in situ zymography. We used the methods of d 'Ortho et al (1998) . Texas red sulphonyl chloride (Molecular Probes, Eugene, Oregon) was conjugated with gelatin according to the instructions of the manufacturer. Silan-coating glass slides were coated with conjugated gelatin-Texas red for 2 hours at room temperature (gelatin-TR films). This was removed and the coating fixed with 4% paraformaldehyde. After repeated washing in PBS, glass slides were dried at 37°C. The frozen lungs were sectioned (4 to 6 m) in a cryostat at Ϫ30°C and then taken onto gelatin-TR coated glass slides. Slides were covered Ki-67 labeling index and percentages of p53-positive cells. A, p53 nuclear staining in bronchial epithelial cells, alveolar epithelial cells, and bronchiolar epithelial cells in alveoli reaches a peak at 1, 7, and 14 days, respectively. B, Ki-67 labeling index. Note dramatic increase and cessation in labeled bronchiolar epithelial cells in alveoli between 7 and 28 days after bleomycin administration. There are few type II alveolar epithelial cells labeled with Ki-67.
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with incubation buffer and incubated in humidified chambers at 37°C for 32 hours. After fixation, slides were mounted in VectorShield with 4', 6-diamidino-2-phenylindole (DAPI; Vector Laboratories. Burlingame, California) and viewed on a confocal laser scanning microscope (CLSM, TCS-SP; Leica Lasertechnik, Heidelberg, Germany). To identify the nuclei, an argon ion UV laser for the detection of blue DAPI was used. A krypton/argon laser, emitting at 568 nm, was used to detect red gelatin-TR films. Fluorescence images were collected by scanning gelatin-TR films (Texas red) and the nuclei (DAPI) separately. Observation on identical fields was performed using Nomarski optics. Images were processed using Adobe Photoshop software, version 5.0 (Adobe Systems, Mountain View, California). Parallel incubations at 4°C were performed to confirm enzymatic activity. Sections treated with 20 mM EDTA were used as negative controls.
Percentages of p53-Positive Cells
More than 1000 cell nuclei of the bronchiolar epithelial cells in bronchioles, alveolar epithelial cells, and bronchiolar epithelial cells in alveoli were counted by microscopy at ϫ600 from the terminal bronchiole to alveolar regions. Percentages of cells positive for p53 were determined.
Statistical Analysis
Data are presented as mean Ϯ SD. Statistical differences between groups were determined by one-way ANOVA with Dunnet's multiple comparison test. A probability of p Ͻ 0.05 (two-tailed) was considered to be significant.
